Introduction
The National Patient Safety Agency (NPSA) was set up in 2001 to promote patient safety in the wake of the publication of the English Chief Medical Officer's An Organisation with a Memory in 2000, a report on learning from adverse events in the NHS (Box 1).
The National Reporting and Learning Service (NRLS) is the part of the NPSA that focuses on improving patient safety by enabling the NHS to learn from patient safety incidents (Box 1). The other parts of the NPSA are the National Research Ethics Service, which protects the safety and dignity of research participants by facilitating ethical research, and the National Clinical Assessment Service, which provides confidential services to help manage concerns with the performance of practitioners.
The NPSA supports research in the UK through links with researchers, and by funding an Annual Patient Safety Research Workshop, and the Annual James Reason Patient Safety Lecture. 1
Development of research and policy on patient safety
Knowledge is a powerful ally in the quest to make patient care safer. There are many examples of ways in which research in patient safety has had a practical impact and influence on policy and practice. Patient safety research in the UK has evolved over the past 10 years, along with growing recognition of the importance of patient safety as a specific and core priority for all health care organizations.
What sort of research is emerging to help the NHS, and how is this being used in the development of policy? International research is important, yet research carried out in the UK is especially relevant for making the NHS safer. In this paper, we focus on how recent research in the UK is interwoven with ongoing NPSA work and policy development in order to improve patient safety across NHS services.
International research
Research in the UK takes place against a background of research elsewhere. Key organizations play roles in promoting such research including, for example in the US, the Agency for Healthcare Research and Quality, whose mission is 'To improve the quality, safety, efficiency, and effectiveness of health care for all Americans', and the Joint Commission (formerly known as the Joint Commission on Accreditation of Healthcare Organizations), an independent, not-for-profit organization that accredits health care organizations and programmes, with an arm that supports patient safety internationally.
The World Health Organization (WHO) launched the 'World Alliance for Patient Safety' in 2004, to raise awareness and political commitment to improve the safety of care and facilitate development of patient safety policy and practice in member states. Its research programme concentrates its efforts in four areas: global research priorities; strengthening capacity; methods and measures; and country research studies. A recent classification of patient safety concepts will help to collect patient safety information from different systems in a common format. 2 This will help learning from reporting. The classification consists of 10 categories: incident type; patient outcomes; patient characteristics; incident characteristics; contributing factors/hazards; organizational outcomes; detection; mitigating factors; ameliorating actions; and actions taken to reduce risk.
UK research
The Patient Safety Research Portfolio, funded by the Department of Health in England, has played a key role in strengthening the evidence base just as the NPSA has been developing its programme of work. The development of the research portfolio as a specialized funding body has contributed greatly to developing patient safety research in this country. The NPSA has worked closely with the portfolio to ensure that the research commissioned is practical and needed by the NHS. Key messages were recently summarized in a report, 3 and briefing papers are available to accompany completed studies, many of which appear in this supplement. 4 In January 2006, the English Department of Health's strategy document, Best Research for Best Health, suggested how research funding should be reorganized to best meet NHS needs. The portfolio has been replaced by funding developed by the National Institute for Health Research, including two Patient Safety and Service Quality Research Centres, programme grants and other response mode funding. This will continue to build the evidence base in this country.
Other researchers in the UK focus on particular aspects of patient safety research without necessarily receiving specific targeted funding or labelling their work as such. This includes work on different sorts of methods to be used, prescribing errors, culture and trends and measurement around reporting.
The many different types of research emphasizes the wide scope of the patient safety agenda, ranging from assessing hospital design to the behaviour of clinical teams. This can be illustrated with some examples.
General patient safety
One of the early reports was a systematic review of the literature on patient safety from 2001, to map the state of research and support the establishment of the NPSA. 5 The review retrieved a large body of research. Most papers described observational studies and surveys, and a wide range of topics relevant to patient safety was covered. However, most published work at this time was of limited value because of poor design. The research team recommended that high quality studies were still needed in certain areas and this fed into subsequent commissioning. Further published literature has also helped to map the developing patient safety research landscape. 6, 7 Methodology Methodology for patient safety research has always stoked discussion. Four linked papers have recently examined the epistemology, that is the nature of knowledge, in patient safety research. 8 -11 Patient safety research is defined as an aspect of service delivery and organizational research. Different study designs and methods of measuring outcomes that might be applicable for evaluation of patient safety interventions are described. However, one type of study does not fit all purposes. This is particularly important for considering what the authors term 'preimplementation evaluation' of proposed interventions where sometimes evidence might be lacking. For patient safety research, randomized controlled trials may not always be possible or applicable, although they can often be undertaken, maybe in a modified form. 12, 13 Discussions have also identified that different sorts of information about patient safety incidents, root causes and potential interventions can be obtained from reporting systems and case record examination. Further research is needed to define the best use of these. 14 
Errors, reporting and analysis
To investigate what might help or hinder the development of a good reporting and learning culture, focus groups of clinicians were undertaken. 15 Better leadership for safety, change in the existing NHS hierarchy, and management support for reporting were all suggested, as well as guidance on reporting, professional boundaries, authority and responsibility. Results also suggested that a national reporting system should relate to and incorporate existing systems, be standardized, reduce duplication of reporting and lead to learning. The research strengthened arguments for anonymous reporting when the national Reporting and Learning System for England and Wales was set up, and influenced the NPSA's work to help staff in the NHS develop their own local safety culture.
At around the same time, in 2001, before the national Reporting and Learning System was in place, research was commissioned to analyse around 500 clinical negligence cases, including from the NHS Litigation Authority and medical defence organizations. 16 Although there are issues with analysis of claims data, as they have not been collected for the purpose of improving clinical care or contributing to patient safety and are unrepresentative of adverse outcomes of health care, some information is useful. The commonest error was a failure or delay in diagnosis. Other common errors included medication prescription errors, delay in referral, problems in performing procedures and persisting with vaginal delivery. Systems failures related to organizational issues, such as poor record-keeping and communication. The NPSA continues to value and use litigation data analysis in parallel with data from the Reporting and Learning System, a key way in which issues are raised about adverse events.
The system receives reports on around 80,000 patient safety incidents a month from NHS organizations in England and Wales. Recent analysis of reports of patient safety incidents from all acute hospitals in England Box 1 Responsibilities of the NPSA † To coordinate systems wide patient safety functions by promoting a culture of reporting and learning from adverse events; † To devise, implement and monitor a reporting system based on relevant national standards issued by the Department of Health regarding adverse events and near misses to promote a culture of reporting and learning; † To collect and appraise information on reported adverse events and near-misses and other material useful for any purpose connected with the promotion of patient safety; † To provide advice and guidance useful in the maintenance and promotion of patient safety, and to monitor the effectiveness of such advice and guidance; showed that reporting rates had increased steadily over the 18 months analysed, and were positively correlated with independently defined measures of safety culture. 17 The knowledge that higher reporting means a better organization is an important concept to disseminate.
Research is also increasingly showing that actionable feedback is important in promoting future reporting. 18 This has been key in strengthening the NPSA's methods of feeding back information and actions to providers. The NPSA provides reports to each Trust and puts these in the public domain, explaining their learning potential for organizations. 19 In addition, up to 1500 reports are reviewed individually by clinical experts. Feedback on risks and topics for urgent action is provided as Rapid Response Reports to NHS organizations: 17 have been issued to date. 20 
Primary care
In 2001 a review of research on errors in primary care showed that common factors related to diagnosis and treatment, including the correct dose of medication. 21 Acute hospital services had more established systems for risk management and reporting errors locally compared with primary care, suggesting that a national reporting and learning system would be simpler to set up for acute providers. The early research influenced the development of the NPSA, which still receives more reports from acute providers. The NPSA has worked with primary care to develop a facility to report and to improve Significant Event Audit. Seven Steps for Primary Care 22 helps to encourage national reporting and builds on existing work around a better safety culture. 23 
Maternity, neonatal and paediatric care
One of the commonest manifestations of error is death or injury through birth asphyxia. Ten years ago information on obstetric harm came mostly from litigation claims. A subsequent research study in the UK interviewed staff involved in cases of birth asphyxia to identify root causes. 24 Human error and system failure were found in every case and many had other near miss elements within them. In all cases, human error was linked to inexperience or lack of skills, and failure to identify obstetric complications and respond appropriately. In all cases there were failures in communication, and in some instances, failure to seek and/or provide senior assistance by obstetric and neonatal staff. Other issues included high workloads, inappropriate use of syntocinon, lack of up-to-date training in cardiotocography interpretation (midwives), and in the management of shoulder dystocia (obstetricians), a lack of, or a failure of, equipment, and issues relating to handover. Most cases remained unrecognized and unreported in NHS trusts' local risk management systems. The NPSA has developed consistent ways of carrying out root cause analysis with advice and tools for use locally. 25 The research has also helped to prioritize the maternity care programme. A 'care bundle' for the management of women for whom electronic fetal monitoring is clinically indicated is being developed and tested, and a proforma for analysing information about stillbirths builds on this research.
Simulation, team training and culture tools
Key research on simulation to improve patient safety through team training has shown that a multiprofessional one day course with a manual, lectures and hands-on drills improved individual clinical skills and knowledge, with retention at 12 months, whether carried out at a simulation centre or locally. 12 This research was carried out in maternity services. Addition of team training, with an extra day of training, did not improve these further, but did improve aspects of insight into stress and the safety climate.
The Chief Medical Officer's latest annual report draws attention to the use of simulation in training to prepare doctors for their work. It makes the points that using simulation to practise skills and rehearse emergency situations is important in air safety training, that simulation may increase patient safety and that it needs to be more fully integrated into the health service.
The culture of an organization or team is key to how that organization's members work together to increase patient safety. The NPSA has designed and developed tools to help with this. Five tools have now been developed to be used locally: 23,26 -29 Seven Steps Assessment allows Trusts to assess themselves against a series of patient and staff safety actions that directly relate to nationally published criteria and assurance statements; Being Open helps health care staff to apologize to patients, their families or carers if an error occurs, explain what went wrong and what will be done to stop the problem happening again; the Incident Decision Tree is a web-based tool that supports NHS managers and senior clinicians to identify management action; the Root Cause Analysis eLearning tool helps using review of patient safety incidents; the Manchester Patient Safety Framework helps NHS organizations assess their progress in developing a safety culture; and Foresight supports health care staff to identify, respond to and recover from initial indications that a patient safety incident could take place, using paper and video-based learning.
operating theatres different groups of staff hold different beliefs about adverse events, risk and error reporting, and the efficacy of preventive measures. Doctors' views differed from those of managers and nurses. An emphasis on rules and standardization strained relationships between doctors and others, and doctors believed more than others that errors are occupational hazards that cannot be prevented; hence error reporting was not always seen as worthwhile.
This information on different norms, values and attitudes among different staff groups has been useful to the NPSA, which works closely with clinical organizations and individuals to develop relevant advice and information. In January 2009, the NPSA issued an alert about the WHO Surgical Safety Checklist -a checklist that has been shown to reduce surgical deaths and complications in some contexts. 33 Successful implementation of alerts such as this will depend on taking ethnographic and other improvement research into account.
Implementation of national guidance and alerts
Research has shown that alerts that are directed at managers and staff can change practice. For example, early advice from the NPSA on removing concentrated potassium from clinical areas was well taken up. 34 If high concentrate potassium is inadvertently used, instead of sodium chloride, to flush intravenous lines there is a risk of patient death. An audit of 20 NHS acute Trusts showed that there was wide variation in processes and systems used to implement the alert, with a lead role usually delegated to the chief pharmacist. All Trusts met the requirement that concentrated potassium chloride be stored in a separate locked cupboard from common injectable diluents. Unauthorized stocks of concentrate were found in only five clinical areas (98% compliance). This was important initial feedback on one of the NPSA's early alerts, before the existence of a central safety alert broadcast system, and was useful in the development of further alerts.
There is, however, also evidence that elements of earlier guidelines were not always implemented. For example, advice around testing for nasogastric tube placement was shown to be poorly understood and not taken up by staff. 35 There have subsequently been changes in the way that the NPSA targets its messages and communications, and this has led to an increased focus on help with implementation. Alerts on the safer use of injectable medicines and of epidural medicines were therefore issued with implementation aids, such as risk assessment tools and risk reduction strategies.
The NPSA works with the data it receives via its Reporting and Learning System to make these data relevant to clinical practice, increasingly making use of clinical reviewers and external experts. In addition, the NPSA works closely with clinical groups, such as the Royal College of Anaesthetists, with whom it is developing an alert on retained throat packs. Further, in recognizing that the Surgical Checklist discussed above might not be implemented in every Trust and every theatre, the NPSA has offered workshops to support and empower staff to begin local implementation.
Patient involvement
Communication with patients has a role in the exacerbation or amelioration of the effects of medical error. A literature review established principles to guide communication with patients and families and to contribute to national policy. 36 The review showed that following an incident, there is little consensus as to what should be communicated, when communication should take place and who should conduct the discussion with patients and families. More open communication may allow clinicians to learn from their errors, ask for support and feel some relief. It may promote trust, strengthen the doctor -patient relationship and decrease the likelihood of litigation.
For patients, open disclosure should relieve uncertainty and help them to make informed decisions. Barriers to open disclosure included fears about litigation and disciplinary action, the prevailing culture of infallibility within the medical profession and deficiencies in communication skills. However, there is limited research evidence of measurable benefits of such interventions. Despite this the NPSA developed its policy, Being Open, around communication with patients after error. 26
Medication
Every day nearly 3 million medicines are prescribed in the UK. The NPSA receives around 8000 reported errors a month in relation to medication, most from hospitals and most resulting in no harm to patients. These medication errors were reviewed in its document Safety in doses: medication incidents in the NRLS from 2007. 37 Several studies continue to focus on gathering information about what occurs and the value of possible interventions, such as computerized prescribing. UK data from electronic prescribing systems in NHS hospitals have demonstrated some benefits but further work is needed to explore the links between error and harm, and wider work on the implementation of such systems in practice. 38, 39 Conclusion Patient safety research is at a key point in the UK. The evidence base is now starting to be referred to in policy development. It is now time to make the evidence base accessible and searchable to allow researchers and
